The Dolaucothi gold deposit occurs in thin bedded turbidites of Upper Ordovician to basal Silurian age deposited near the southern margin of the lower Paleozoic Welsh basin. The host rocks were deformed during the Caledonian orogeny (390-410 Ma) into a series of inclined asymmetrical, commonly overturned, tight southeast-facing folds with associated cleavage. Reverse dip-slip faults accompanied the folding and the whole area is cut by late tensional faults. The miueralization is controlled by structures produced during the Caledonian orogeny, iu particular a thrust fault which formed the host to the Roman lode, a flat-lying auriferous quartz reef up to 6 m thick.
Introduction
THOUGH the gold veins of the Dolgellau area ( Fig. 1) are relatively well known because they provided the gold for wedding rings for the British Royal Family, those at Dolaucothi are less familiar to the populace at large and also to geologists interested in gold mineralization. They are situated about 1 km southeast of the village of Puresaint, between Lampeter and Llandovery in the county of Dyfed, Wales (Fig. 2) . The main workings can be traced for a distance of approximately 1.1 km along the northwestern flanks of a mountain spur separating the Cothi and Annell River valleys (Fig. 3) the mining and processing of the gold ores (Holman, 1911; Nelson, 1944; Hall, 1971) . Reliable geologic information is scarce, but unpublished consultancy reports, together with mine captains' reports for a limited period toward the end of the mine's life, do throw some light on the nature of the auriferous lodes and the geology of the mine itself. Some detailed mineralogical information on cookeite and hydromuscovite (illite) at Ogofau is also available (Brammall et al., 1937; Nagelschmidt, 1937) of Toronto, Canada, in 1980. Two Master of Science theses have also been written on aspects of the primary and secondary geochemistry of the Dolaucothi area. One of these studies (Tater, 1975) provides useful lithogeochemical data on the alteration associated with the gold mineralization.
Regional Geology
During the lower Paleozoic, the area which is now Wales formed part of the southern continental margin of the Iapetus ocean (Phillips et al., 1976; Dewey, 1982; Kokelaar et al., 1984) . A structurally controlled ensialic marginal basin, the Welsh basin (approx. 200 by 100 km in size) accumulated a thick (up to 15 km) sequence of shallow-and deep-water sediments while, to the south and east, a relatively stable platform accumulated a thinner (5 km) sequence of shallow-water sediments. The southern margin of the Welsh basin lies virtually along the line of the Pontesford-Linley fault ( Fig. 1) and its projected continuation southward into the Tywi lineament. Thick sediments were accumulated in this basin during Cambrian times, but during the Lower Ordovician, localized volcanic activity accompanied sedimentation. This activity reached its peak during the Caradocian and had virtually ceased by Early Silurian times.
During the Upper Ordovician and the Llandoverian, sedimentation in the Welsh basin was greatly influenced by intrabasinal and basin-margin faults (James and James, 1969) . These faults triggered slump and turbidity currents which resulted in the progradation of small submarine fans both parallel to the basin margins and across the basin itself. James and James (1969) also postulated the presence of an infraTywi-Severn fault at the basin margin during Late Ordovician to Early Silurian times, indicating that there was a basinward shift in the structural margin at this time.
During the lower and middle Llandoverian, there was a plentiful supply of sediment into the basin from the landmass to the south and east. Submarine fans, bird's foot deltas, and submarine channels, together with mass flow by turbidity currents, gave rise to a great thickness of graywackes and other turbidite facies sediments. During the upper Llandoverian, there was a major marine transgression on to the platform, and during the succeeding Wenlock and Ludlow times, it is likely that the structural margin of the basin The host rocks to the gold mineralization at Dolaucothi are Upper Ordovician (probably uppermost Ashgillian but no older than the Dicellograptus clingani zone), and they are overlain by a complete Llandoverian sequence from the Glyptograptus presculptus to the Monograptus crenulatus zone.
Absolute dating of the various subdivisions of the Ordovician fold, the Cothi anticline (Fig. 2) .
Geology of the Mineralized Zone
Lithologies and sedimentology
The host rocks to the gold mineralization are a monotonous sequence of thin bedded shales and siltstones, the product of turbidity flows. Since the area is close to the postulated southern margin of the Welsh basin, they could represent levee deposits formed closer to the basin slope. Surface and underground exposures, and also drill core, reveal that the host rocks consist of a repetitive sequence of five main lithological types, each representing a transition from rocks containing dominantly silt-grade material to black shales. The transition from silt to shale is rarely complete, and a detailed stratigraphic sequence has not yet been fully established due to structural inter- The black shales (BS) are essentially homogeneous, and only faint traces of bedding are discernible, although <l-mm-thick bands of silt are locally present. Color banding is not distinct, but a strong fissility is related to the presence of a dominant cleavage. These shales grade into, or are intercalated with, banded black shales (BBS) which show a distinct banding due to the variable silt content of the shale. They resemble the black shales, but they have a well-developed bedding plane fissility due to the abundance of 1-mmthick silty bands. Where weathered, the color banding is pronounced. Laminated siltstone bands, between 5 and 10 mm thick, are occasionally found.
Banded black shales and siltstones (BBSS) superficially resemble the banded black shale unit since they are color banded, but they contain up to 20 percent siltstone bands, 5 to 10 mm thick. Lithological contacts are sharp and bedding in the siltstone is generally laminar; rare examples of ripple-drift bedding have been recorded. The banded black shales and siltstone unit is easily mistaken for the shale and siltstone (SS) lithology, but it has siltstone bands 10 to 20 mm thick constituting at least 40 percent of the rock, along with thinner seams. A transition zone may exist between these two units making recognition of contacts difficult in the field. The siltstone bands may have a lensoid or discontinuous nature and many display sharply defined, commonly erosional, basal con-tacts; the upper contact is represented by a rapid transition into the overlying shale. Laminar and ripple drift bedding are both common, as is evidence of penecontemporaneous slumping and disruption of the siltstone bands. In all cases, the siltstone is uniformly fine grained, with little evidence of graded bedding.
The coarsest grained lithology is referred to as shales and quartzite (SQ) for it contains conspicuous fine-grained quartzite bands comprising as much as 60 percent of the rock. These bands range in thickness from 20 to 100 mm, and commonly show crossbedded slump structures, load casts, and other bottom structures. Lenticular bedding is common, but there is some evidence of planar bedding. The shales and quartzite lithotype has a very fiaggy appearance and is the most easily recognized unit in both underground and surface exposures. Cleavage is rare.
Marker quartzites, up to 35 cm thick, consist of units of fine-grained quartzite and siltstone bands (5-10 cm thick) with only thin shale partings; rarely, such units consist entirely of quartzite. These bands have been used to clarify local structural complexities, particularly in the Roman adits (Fig. 4) , but because of their restricted extent, they are of little regional use.
Structure
The black shale and siltstone sequence at Dolaucothi was severely deformed during the Caledonide orogeny, producing a complex pattern of folds, shear zones and faults (Figs. 4 and 5) .
Folds: Two major styles of mesofolds exist, namely, open upright folds and inclined tight asymmetrical folds (Fig. 6) . However, the former have only been noted in the Roman adits (9 in Fig. 3 ). Minor folds are present in the hinge zones and an axial planar cleavage is ubiquitous. More common are the inclined, southeasterly verging, tight asymmetrical folds which have a longer, more gently inclined, limb and a short steeper, commonly overturned, limb. These folds form prominent structures at the entrances of both the Middle (Fig. 6a) Nature of the Mineralization (Table 2) The Roman lode
The main target for mining at Dolaucothi was the Roman lode (Fig. 7A) The nature of the pyritic shales can be determined more precisely by study of drill cores from the 12 holes drilled to date on the Dolaucothi lode zone. Pyrite can occur in many different modes, including: (1) dull fine-grained bands less than 1 cm thick separated by finely disseminated pyrite; (2) lenses or nodules (5 mm-4 cm long) of fine-grained pyrite which can be ascribed to accretionary processes--these accretions may have sharp or diffuse margins, internal syneresis cracks, peripheral halos of disseminated pyrite, and arcuate dilationary openings, infilled with quartz and carbonate, around those margins in the direction of cleavage; (3) bright massive sulfide bands, 2.5 to 7 cm thick, with pyritic halos and internal quartz veins up to 2 cm thick which are truncated by the outer surfaces of the band and which appear to fill in pull-apart structures; (4) diffuse clouds containing variable concentrations of pyrite (20-100%) and clearly transgressing bedding; (5) marginal selvages to pyrite-lined fractures or to later quartz, carbonate, pyrite, arsenopyrite veinlets; and (6) coarse crystal aggregates along bedding planes (Fig. 7G) .
Though pyrite normally occurs without other sulfides, it may also be accompanied by arsenopyrite, a late-stage product ofsulfidation. Arsenopyrite occurs as large crystals (2 mm-2 cm) or aggregates in stiffer (more permeable) bands; as randomly distributed lath-, diamond-, or wedge-shaped crystals (1-3 mm long) distributed throughout the pyritized shale, perhaps with a weak bedding plane control; and as larger euhedra in the proximity of mineralized fractures and veins (Fig. 7H) . Pyritic shales are generally intersected by a network of thin irregular to ptygmatic or boudinaged veinlets varying from a fracture-controlled concentration of large pyrite crystals with overgrowths of quartz, carbonate, and hydromuscovite, to vuggy quartz veins (10-20 cm thick) with marginal concentrations of pyrite and arsenopyrite and trace amounts of sphalerite, galena, and chalcopyrite. These veinlets are invariably surrounded by pyrite-arsenopyrite halos, several centimeters wide, which show a marked similarity to the mineralization in the thicker pyritic shale units.
No evidence has been found that cleavage played any role in determining the disposition of the sulfides; indeed, bedding was the dominant control. On the other hand, cleavage has been seen to terminate abruptly against grains of pyrite, and quartz-carbonate pressure shadows, adjacent to pyrite nodules and euhedra of pyrite, are aligned in the direction of cleavage. Some paragenetically early veinlets associated with the pyritic shales are ptygmatic and ruptured, and cleavage traces are bunched and deflected as they pass between the displaced segments of these veins.
All of these features suggest that the maximum stress postdated, or at least overlapped with, this period of mineralization. Most of the main-stage auriferous quartz veins, however, postdate the pyritization since elasts of pyritie shale are found in some of these veins (Fig. 71) .
Microscopically, the disseminated and nodule pyrite consists of equant grains, ranging in size from 5 to 120 um (Fig. 10B) , which are progressively more euhedral as the grain size increases. Small ovoid framboids, 30 to 80 um in diameter, are also common (Fig. 10A) Porphyroblasts of arsenopyrite are developed dominantly in shales containing disseminated pyrite, avoiding the more massive compact pyrite bands or sulfidites. They postdate the pyrite which they have incorporated without replacement (Fig. 10C) 
Shear-zone vein systems
A description of these veins is based on exposures in the Long and Mill adits, together with workings in and around the Davies cutting and two surface drill holes (Fig. 4, M 1 and M2) . These veins are truncated to the northwest by the later Clochdy Gwenno fault and they represent an entirely different style of mineralization from that described in the Mitchell adit, but they are contained within the same zone, at a lower structural level.
The veins are exposed in a northeasterly striking section, 25 m wide, in which the shales have been intensely sheared and disrupted, so much so that very little core is recovered in underground drill holes, other than sections of massive quartz. The shear zone can be subdivided into two portions; a northwestern and a southeastern segment (Fig. 1 IA) (Olson, 1984) (190ø-408øC) . The highest temperatures were found in levels associated with the centrally located Ogofau pit (Mitchell adit, 190ø-408øC, with a mean of 281øC, and Long adit, 172ø-384øC, with a mean of 270øC) declining at the extremities (mean = 214øC for Brunant, and 232øC for Cwrt-y-cilion). Table 6 summarizes the homogenization temperatures and salinity data. The temperature variations can be re- The salinity values initially show no convincing relationship to the type of mineralization nor to any regional variations. However, a close scrutiny of the data for the Ogofau pit reveals that the range for the barren quartz veins with abundant hydromuscovite (2-10.9 wt %, with a mean of 7%) is significantly lower than that for other veins (2-15 wt %, with a mean of about 10%). Thus, it is likely that the appearance of hydromuscovite was related to fluids with lower salinities than those associated with sulfides.
The histograms for homogenization temperatures in the Ogofa.u pit indicate a bimodal population (Fig.  14A) , with an overlap of populations at 180øC and modes at 160øC and 220-230øC.
The lower temperature population can be explained either by the incorporation of secondary inclusions in the data sets (cf. determinations for the main sulfide-bearing veins; Fig. 14) or by a later low-temperature emplacement of quartz and hydromuscovite. Because field and microscopic evidence suggest more than one period of silica precipitation, the second explanation is preferred.
The homogenization temperatures presented above require correction for depth of burial and salinity (see Potter, 1977) Goldfarb et al., 1986; Paterson, 1986 ) and released during later rapid uplift of the sedimentary pile. High fluid pressures, generated by great depth of burial, by tectonic compressive regimes, and by thermal expansion during periods of high heat flux, overcame the tensile strength of the rock and allowed the hydraulic propagation and opening of fractures and the rise of overpressured fluids to higher levels in the crust. These low-salinity fluids would be enriched in silica and a variety of elements including iron, the base metals, gold, arsenic, and silver. The most common sulfides found in these deposits are pyrite and arsenopyrite; this is also true for Dolaucothi. However, many turbiditc-hosted deposits contain significant concentrations of tungsten, antimony, tellurium, and bismuth, none of which have been detected at Dolaucothi.
Other than quartz, the main gangue mineral is an ankeritic carbonate; again, this is true at Dolaucothi. Wall-rock alteration produced by the migrating fluids is reported as being only weak and is represented by narrow zones of mild chloritization, sericitization, and carbonatization, commonly accompanied by disseminations of auriferous pyrite and arsenopyrite. At Dolaucothi, wall-rock alteration is weakly developed and only illitization, sulfidization, and carbonatization have been recognized. There are, however, veinlets and cavity infillings of chlorite which appear to predate the main phases of quartz vein intrusion.
Conclusions
The following represents an interpretation of the sequence of events which led to the emplacement of the gold mineralization at Dolaucothi and the later modification and displacement of the lode zones.
1. Prograde greenschist metamorphism of the basement during the Caledonian orogeny led to the creation of metal-enriched fluids which were trapped at depth and overpressured. These fluids contained high concentrations of gold, arsenic, iron, and sulfur.
2. During a period of uplift early in this orogeny, fault propagation resulted in the tapping of these fluids and allowed their escape to a level in the crust corresponding to the Ordovician-Silurian contact. Here, they selectively penetrated and pyritized suitable lithological units adjacent to the fissures (dominantly the banded black shale lithology underlying banded black shale-siltstone or shale-siltstone units).
During deformation, the more competent siltstones controlled the style of fold, whereas the less competent shales deformed disharmonically with much bedding plane slip and dilatancy. Migrating fluids thus moved laterally into the shales and introduced pyrite into the fractures and bedding plane dilatancies and also caused pyritization of individual shale beds. Little quartz or carbonate was introduced at this time, though some fractures, perhaps opened by fluid pressures, were filled with coarsely crystalline pyrite, quartz, and carbonate. Increasing amounts of arsenopyrite were introduced at a later stage as euhedral porphyroblasts incorporating grains and frambolds of earlier pyrite.
3. The development of upright cylindrical folds and associated cleavage as orogenesis reached its peak, led to the deformation of pyritic horizons and their associated veinlets. Ptygmatic veins, boundinaged pyrite bands, pull-apart structures, pressure shadows, and cleavage deflection through veins were produced at this time. Early sulfides and gangue minerals were recrystallized or ruptured and were recemented with later quartz and carbonate which also penetrated dilations produced in pressure shadows adjacent to sulfide grains. 5. The emplacement of the main auriferous quartz veins from fluids at temperatures between 345 ø and 450øC took place in rocks whose ambient temperatures were probably between 300 ø and 350øC. Locally, these veins had a saddle reef structure whereas elsewhere they formed sheeted vein systems in shear zones (Long adit) or wedge-shaped planar veins in tensional fissures (Mitchell adit). These extensional fissures are probably equivalent to the "step and side veins" described by Haynes (1986) 
